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INK JET RECORDING HEAD AND DRIVING 
CIRCUIT THEREFOR 

FIELD OF THE INVENTION AND RELATED 
ART 

The present invention relates to an ink jet recording head 
using thermal energy and a driving circuit therefor and also 
to a recording apparatus usable with the recording head. 
A recording apparatus such as a printer, copying machine 

or facsimile machine is responsive to image information to 
effect recording corresponding thereto with dot patterns on 
a recording material such as a sheet of paper or a thin sheet 
of plastic material. The recording apparatus may be classi 
?ed on the basis of the recording process into an ink jet type, 
a wire dot type, a thermal type and a laser beam type or the 
like. Among these, the ink jet type (?lm-boiling type) and 
thermal type (thermal transfer type or heat sensitive type), 
uses a recording head which effects recording using the 
thermal energy produced by an electrothermal transducer 
(heat generating element). In the ink jet type (ink jet 
recording apparatus), droplets of ink (recording liquid) are 
ejected through ejection outlets of the recording head, and 
are deposited as dots on the recording material. 

An ink jet recording apparatus using the thermal energy to 
heat the ink to such an extent that the ink is ejected, is 
advantageous in that the structure of each of the ejection 
outlets of the recording head is simple, that the size of the 
recording head can be easily reduced and that a number of 
ejection outlets can be formed integrally. The respective 
ejection outlets (liquid passages) are usually provided with 
one respective heating element (electrothermal transducer). 
Therefore, the conventional ink jet recording head has 
several tens of ejection outlets as a unit, so as to perform 
high speed and high density recording. 

In order to eject the ink e?iciently in the recording head 
of this type using the thermal energy, it is desirable that the 
heat generating element is quickly heated, that is, in a short 
period of time. Additionally, it is driven with a current pulse 
having a short length such as several microseconds. This 
results in a large current upon driving. If plural heat gener 
ating elements are connected with a ?ne common wiring 
pattern, the voltage drop along the common line is so large 
that the driving conditions vary depending on the number of 
elements simultaneously driven. In view of this, it is con 
ventional that two lines (positive and negative lines) are 
provided for each of the heat generating elements. 

In the conventional ink jet recording head using thermal 
energy, electrochemical reaction occur on the surfaces of the 
heat generating elements and the surfaces of the wiring 
pattern. In order to prevent damage due to these reaction, 
strong protective layers of insulating material are used. 
The conventional ink jet recording head using the thermal 

energy requires two wiring lines for each of the heat 
generating elements in the recording head. This requires thin 
wiring patterns necessarily having high electrical resistance. 
This increases the heat generation in the recording head. 

Additionally, it requires a large number of wiring patterns, 
which limits the ejection outlet arrangement density, which 
imposes limitations increases in the density of the image. 
As described, the conventional ink jet recording head 

using thermal energy requires the strong protective layers of 
insulating material. However, if the projective layer has a 
pin hole, even if it is small in size, the positive or negative 
potential is repeatedly applied at the pin hole with the result 
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2 
of corrosion, which may lead to damage of the recording 
head. 

Toprevent this, the protective layer has to be made 
su?iciently thick. Then, even when the heat generating 
element is strongly heated, the heating action to the ink is 
rather dull, so that the ink ejection force is not increased 
enough. In addition, high viscosity ink is not usable. When 
the ink solvent evaporates, the ink may not be ejected. 

In the Japanese Patent Application Publication No. 38245/ 
1989, the energy required for the creation of a bubble is 
divided into plural pulses, and a constant potential is applied 
to the common electrode, while positive or negative (nega 
tive to the common electrode) potential is applied to selected 
electrodes to drive the heater. This method seems to be 
advantageous in the prevention of the electrochemical reac 
tion, but the problems of voltage drop due to the resistance 
of the wiring pattern and the heat generation in the recording 
head are not solved. It also involves the problem that plural 
driving sources are required to apply the positive and 
negative potentials with the result of bulky and complicated 
apparatus. 
US. Pat. No. 4,463,359 discloses a staggered arrange 

ment of the heat generating elements. In order to drive the 
heat generating elements, the method disclosed in Japanese 
Patent Application Publication No. 105544/1974 or US. 
Pat. No. 3,984,844 can be used. Then, the number of lines 
can be reduced. However, since the direction of the potential 
application is limited to one, this does not avoid problems 
due to the electrochemical reaction. 

In addition, there occurs crosstalk inherent to a diode 
matrix circuit or the like with the result by slight heat 
generation of non-driven elements, and therefore, the heat 
generation in the recording head increases. 

In a so-called thermal head used with the heat sensitive 
recording process, Japanese Laid-Open Patent Application 
Publication No. 290557/1987 discloses wiring having lines, 
the number of which is larger by one than the number of heat 
generating elements, to drive the heat generating elements, 
with the non-constant direction of the electric current. 

When this method is used for an ink jet recording head 
using the thermal energy, the electric current ?owing 
through the wiring is not constant, and therefore, the voltage 
drop due to the wiring varies case by case, and therefore, the 
driving conditions for the heat generating elements are not 
constant. When this method is used, it is required that all of 
the heat generating elements are driven simultaneously. 
Therefore, there is the problem of a large current ?owing at 
once. 

With the thermal recording system, the heat generating 
element is driven by a relatively small current having a 
relatively long pulse, and therefore, the instantaneous cur 
rent level is not signi?cant. However, in the case of the ink 
jet recording head using thermal energy, even in the case of 
driving at frequencies of several kHz, the power supply 
period of the heat generating element is several micro 
seconds-10 micro-seconds. The energy su?icient to eject 
the ink is applied in such a small period, and therefore, the 
current ?owing instantaneously is extremely large. 

SUMMARY OF THE INVENTION 

It is a principal object of the present invention to provide 
an ink jet recording head and a driving circuit therefor 
wherein the voltage drop due to the wiring pattern is 
reduced, thus suppressing the heat generation in the head. 
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It is another object of the present invention to provide an 
ink jet recording head and a driving circuit therefor wherein 
the ejection outlets can be arranged at a higher density than 
conventional ones. 

It is a further object of the present invention to provide an 
ink jet recording head and a driving circuit therefor wherein 
the service life of the recording head is made longer. 

It is a yet further object of the present invention to provide 
an ink jet recording head and a driving circuit therefor 
wherein the ink ejection force and the ink ejection stability 
are enhanced in the case of using thermal energy. 

It is a yet further object of the present invention to provide 
a bi-directional current switching circuit having a higher 
staple operating speed to ?t the driving circuit for the ink jet 
recording head. 

According to an aspect of the present invention, there is 
provided an ink jet recording head, having: a plurality of 
heat generating elements for ejecting ink using thermal 
energy; a conductive line commonly connected to an end of 
each of the heat generating elements and to another end of 
adjacent heat generating element; a driving circuit for selec 
tively providing positive or negative current to the common 
lines, the driving circuit actuates said heat generating ele 
ments by applying a high level potential and a low level 
potential to adjacent lines, respectively. 

According to this aspect, the number of the wiring pat 
terns can be reduced to just one more than the number of the 
heat generating elements in the recording head. 

Therefore, even in a high density thermal recording head, 
the width of the wiring pattern may be increased without 
increasing the current ?owing through the wiring pattern. 
Therefore, the voltage drop due to the wiring resistance can 
be reduced. 

In this structure, the polarity of the voltage applied to each 
of the lines is not constant but is different depending on the 
number of elements energized between the reference line 
determining the potential level of a line at an instant and the 
line. The reference line is not necessarily disposed at an end. 

Normally, the damage caused by these electrochemical 
reactions proceeds at only one of the positive and negative 
electrodes. It is dependent on the material of the electrode or 
the composition of the ink. According to the present inven 
tion, the polarity changes randomly except for the reference 
line, and therefore, the electrochemical reaction proceeds 
slowly, and therefore, the service life of the recording head 
is extended. 

As regards the reference line and the heat generating 
element connected thereto, there is a possibility that the 
electrochemical reaction develops. However, this does not 
occur if there is no pinhole or other defect in the protective 
?lm, and therefore, the service life is normally extended. 

Since the potential of the reference line may be either the 
high level or the low level, and by changing, the potential of 
the reference line may be, the electrochemical reaction 
proceeds slowly. 

In addition, the potential of the reference line may be 
changed in a period shorter than the driving period for one 
driving pulse. In this case, the potential of all of the lines 
changes in accordance with the potential of the reference 
line. When the potential is changed at such a high speed, the 
change of the potential occurs more quickly than the dis 
persion time of the ions produced by the electrochemical 
reaction, and therefore, the caused by the electrochemical 
reaction is remarkably suppressed. 

According to another aspect of the present invention, 
there is provided a bi-directional current switching circuit, 
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4 
comprising: complementary switching elements; and an 
impedance element for controlling on and off timing of the 
complementary switching elements. 

According to a further object of the present invention, 
there is provided a driving circuit, comprising: a ?rst bi 
directional current switching circuit including complemen 
tary switching elements and an impedance element for 
controlling on and off timing of the complementary switch» 
ing elements; a second bi-directional current switching 
circuit for effecting complementary switching operation 
with the ?rst bi-directional current switching circuit; and a 
load connected between the ?rst and second current switch 
ing circuits. 

According to these aspects of the present invention, the 
impedance element is effective to control the on and off 
timing of complementary switching elements, and therefore, 
the complementary switching elements are protected from 
an excessive short-circuit current, and therefore, the oper 
ating speed can be stably increased. 

These and other objects, features and advantages of the 
present invention will become more apparent upon consid 
eration of the following description of the preferred embodi 
ments of the present invention taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of a driving circuit of a 
recording head according to an embodiment of the present 
invention. 

FIG. 2 is a circuit adjacent an output part of the circuit of 
FIG. 1. 

FIG. 3 shows another example of the output part circuit of 
FIG. 1. 

FIG. 4 is a timing chart for the signals of the driving 
circuit of FIG. 1. 

FIG. 5 is a schematic partial top plan view of an example 
of a wiring pattern for the heat generating elements and in 
the neighborhood thereof, of a recording head according to 
an embodiment of the present invention. 

FIG. 6 is a schematic partial top plan view of another 
example of a wiring pattern for the heat generating elements 
and in the neighborhood thereof, of the recording head 
according to the present invention. 

FIG. 7 shows a circuit diagram of a driving circuit of a 
recording head according to another embodiment of the 
present invention. 

FIG. 8 is a timing chart of the signals of the driving circuit 
shown in FIG. 7. 

FIG. 9 is a schematic perspective view of an embodiment 
_ of a recording apparatus according to an embodiment of the 
present invention. 

FIG. 10 is a schematic exploded perspective view of a 
recording head according to an embodiment of the present 
invention. 

FIG. 11 is a circuit diagram of the output part in the form 
of a bi-directional current switching circuit, according to a 
further embodiment of the present invention. 

FIG. 12 shows a relationship between the level of the 
applied voltage in the circuit of FIG. 11 and the direction of 
the current load. 

FIG. 13 is a timing chart showing an example of the drive 
timing of the circuit of FIG. 11. 

FIG. 14 shows a further example of a circuit diagram of 
the bi-directional switching circuit used for the output part. 
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FIG. 15 shows an example of the timing of operations at 
various parts of FIG. 14. 

FIG. 16 illustrates an example of a heater driving method 
for an ink jet type recording head. 

FIG. 17 is a timing chart showing an example of the 
timing of operations at various parts of the circuit of FIG. 16. 

FIG. 18 illustrates another example of the heater driving 
method in an ink jet type recording head. 

FIG. 19 is a timing chart of an example of the timing at 
various parts of the circuits shown in FIG. 18. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring to the accompanying drawings, the preferred 
embodiments of the present invention will be described in 
detail. 

Referring ?rst to FIG. 9, there is shown a part of a 
recording head using thermal energy, according to an 
embodiment of the present invention. The recording head is 
a line type and usable with a full-color ink jet recording 
apparatus having four such recording heads. 

In FIG. 9, rollers 51 and 52 constituting a pair function to 
grip the recording material 53 such as a sheet of paper or 
plastic sheet therebetween and to feed it in the sub-scan 
direction (feeding direction) indicated by an arrow F. A 
full-multi-nozzle type ink jet recording head 55 comprises 
black, yellow, magenta and cyan recording heads SSBK, 
55Y, 55M and 55C in which the ejection outlets are disposed 
covering across the entire width of the recording material 53. 

In the case of full-color recording, the four recording 
heads 55 contain black, yellow, magenta and cyan ink 
materials, respectively. In the embodiment shown in the 
Figure, the four recording heads 55 are arranged in the order 
named from the upstream side of the recording material 
feeding direction (from the bottom). 

Arecovery system 56 faces the recording head 55 in place 
of the recording material 53 during the ejection recovery 
operation. The recording head 55 is mounted on the head 
mounting portion 57 with the predetermined relative rela 
tionship therebetween. The recording head 55 is of a thermal 
energy type, as will be described hereinafter. 

The recording apparatus according to this embodiment of 
the present invention comprises the head mounting portion 
57 for mounting the recording head 55 and feeding means 51 
and 52 for feeding the recording material 53 to the recording 
position of the recording head 55 mounted on the recording 
head mount 57. 

FIG. 10 is a schematic perspective view of an example of 
an ink jet type recording head. The ink jet recording head 55 
is of a type using thermal energy and is provided with 
electrothermal transducer elements for producing the ther 
mal energy. The recording head 55 ejects the ink through the 
ejection outlets by development of a bubble created by ?lm 
boiling caused by the thermal energy applied to the ink by 
the electrothermal transducer. 

In FIG. 10, the recording head comprises a silicon (Si) 
substrate 61, plural heat ejection elements (electrothermal 
transducer elements) formed at predetermined positions on 
the substrate, ejection outlets for ejection of ink droplets, 
corresponding to the respective heat generating elements, 
liquid passages 64 in which the heat generating elements are 
formed, a top plate 65 made of glass or the like to constitute 
a top board of the liquid passage 64, and a supporting plate 
66 made of aluminum or the like mounted by bonding agent 
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6 
to the substrate 61. The heat generating element 62 is 
directly contactable to the ink in the liquid passage 64, but 
it is usually covered with a thin protective layer (insulating 
layer). The density of the arrangement of the heat generating 
element 62 is dependent on the desired recording density, 
but it is usually 3-30 elements per 1 mm. 

In order to provide a practical recording speed using the 
ink jet recording head, each of the heat generating elements 
62 is supplied with driving electric energy in the form of a 
pulse in accordance with an image signal at a frequency of 
several hundreds-several ten thousands per second (0.1 
kHz—10 kHz of the driving frequency). In response to the 
electric energy, the heat generating element or elements are 
energized to produce heat to create a bubble or bubbles of 
the ink in the liquid passage 64. The ink is ejected through 
the ejection outlet 63 by the pressure of the bubble, and 
therefore, the image is recorded on the recording surface of 
the recording material 53. 

FIG. 1 shows an example of a driving circuit of the 
recording head 55. FIGS. 2 and 3 show the output part of the 
circuit of FIG. 1. FIG. 4 is a timing chart for the signals 
applied to the circuit of FIG. 1. 

In FIG. 1, the heat generating elements 62-1-62-10 are 
connected in series, each end of each of the elements is 
connected to an output driver in the form of an inverter 
71-0—71—10. The inverters 71-1-71-10 are supplied with the 
outputs of exclusive-OR circuits 72-1-72-10. The inverter 
71-0 is supplied with positive and negative signals. To one 
end of inputs of each of the exclusive OR circuit 72-1-72 
10, an AND-circuit 73-1—73-10 is connected. To another end 
of each of the exclusive-OR circuit 72-1-72-10, an input of 
each of the inverters 71-0-71-9 is similarly supplied. To one 
of the inputs of each of the AND-circuits 73-1-73-10, an 
image signal is supplied, and to the other input, an enabling 
signal for the block drive control is supplied. The same 
structures are used in the heat generating elements 
62-11-62-20, inverters 71-11-71-20, exclusive-OR circuits 
72‘11—72-20, and the AND-circuit 73-11—73-20. 

In this structure, the AND-circuit 73-1-73-10 produces an 
“H" level signal when both of the image and enabling 
signals are at “H” levels. The produced “H” level signal is 
supplied to the one of the inputs of the exclusive-OR circuit 
72-1-72-10. The exclusive-OR circuit 72-1—72~10 to which 
the “H” level is input at one of its input ends functions as an 
inverter for inverting the input signal to the other input. In 
the exclusive-OR circuits 72-1-72-10 supplied with “L” 
level signal permits the input to the other input part as it is. 
When the output of the AND-circuit 73-1- 73~10 is at “H” 

level, the output of the inverter 71-1—71-10 acquires the 
polarity opposite from that of the output of the associated 
inverter 71-0-71-9, so that the electric current ?ows through 
the heat generating element 62-1—62-10. When the output of 
the AND-circuit 73-1-73-10 is at “L” level, the output of the 
inverter 71-1-71-10 acquires the polarity which is the same 
as that of the output of the inverter 71-0-71-9, so that the 
electric current does not ?ow through the heat generating 
element 62-1—62-10. If the polarity of the signal to the 
inverter 71-0 is switched, the direction of the electric current 
?owing through the heat generating element 62-1—62-10 is 
inverted. 

In this embodiment, the plural heat generating elements 
62 are divided into four blocks in accordance with the heat 
generating timing. 
The image signals are supplied in parallel from a register 

or latching circuit (not shown), and when the pulses are 
applied sequentially in response to the enabling signals, the 
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heat generating elements 62 in each of the blocks are driven 
in accordance with the image signals. The output parts 
shown in FIGS. 2 and 3 correspond to the inverter 71 of FIG. 
1 and are capable of producing positive and negative direc 
tion electric currents corresponding to the digital signals. In 
FIGS. 2 and 3, +Vop shows the voltage applied to the heat 
generating element 62 and is determined in accordance with 
the resistance of the heat generating elements and the design 
conditions for the recording head or the like. It is usually 
20-30 V. In the same Figure, +Vcc shows a logic circuit 
voltage source and usually produces 5—6 V. 

In FIG. 2, when the “H” level signal is supplied to the 
input IN, the transistor Q1 is rendered conductive, upon 
which transistors Q2 and Q3 are rendered conductive. On 
the other hand, in response to the transistor Q1 actuated, the 
base of the transistor Q4 becomes “L” level, and therefore, 
the transistor Q4 is turned off. Therefore, the output OUT 
produces “L” level to permit electric current from the output 
OUT. 

When the “L” level signal is supplied to the input IN, the 
transistors Q1, Q2 and Q3 are turned off, upon which the 
transistor Q4 is turned on. Therefore, the “H” level is 
produced at the output OUT, so that the electric current ?ows 
out of the output OUT. 

Thus, the circuit shown in FIG. 2 functions as an inverter 
in which signal produced at the output OUT is opposite from 
the signal at the input end IN, and also, it functions as a 
bi-directional current switching circuit. 
The operation of FIG. 3 circuit is similar. When “H” level 

signal is inputted to the input IN, the transistors Q6 and Q7 
are actuated, upon which the transistors Q5 and Q8 are 
turned off, and therefore, “L” level is produced at the output 
OUT. On the other hand, when the “L” level signal is 
inputted, the transistors Q6 and Q7 are turned off, so that the 

transistors Q5 and Q8 are actuated with the result of the level is produced at the output. Thus, the circuit of FIG. 3 

functions as an inverter and also as a bi-directional current 
switching circuit. 
As shown in FIG. 4, plural image signals (FIG. 4A) are 

simultaneously supplied to the image signal input, while the 
pulse signals are sequentially applied as the enabling signals 
14 (FIGS. 4B, 4C, 4D and 4E). The heat generating 
element 62 is thus energized for the period corresponding to 
the associated pulse width. The pulse width of the enabling 
signals 1-4 is usually 1 micro-sec.-l0 micro-sec. 
As for the positive-negative signal, as shown in FIGS. 

4F-4I (case 1~case 4), various schemes are possible. 
In case 1, when the heat generating element 62 is driven, 

such a high frequency signal changes several times in the 
time period of the pulse width for which the enabling signal 
is applied. In this case, in each of the heat generating 
elements, the direction of the electric current changes sev 
eral times in the period of one driving pulse (one period 
having positive and negative phases), and therefore, the 
electrochemical reaction is effectively prevented. However, 
since the driving is at the high frequency, and therefore, the 
response speed in the entire circuit is sufficiently high, This 
results in a large electric power loss in the driving circuit. 

In case 2, in synchronism with the enabling signal, the 
positive and negative signals change. In case 3, the positive 
negative signal changes for each of one image signal record. 
In the method of cases 2 and 3, there is no problem with the 
response speed of the driving circuit. From the standpoint of 
preventing the electrochemical reaction, they are less effec 
tive than in case 1, but the advantageous effects are still 
enough. 
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8 
In case 4, the pulses are applied irrespective of the image 

signal (FIG. 4A) and enabling signals (FIGS. 4B-4E). In this 
case, the potential of the wiring changes between the high 
level and the low level even when the heat generating 
element 62 is not driven. With such a driving system, there 
exists slight electric current leakage between the wiring and 
the heat generating element and the ink. Therefore, the 
potential of the ink is maintained at a level between the high 
level and the low level. Relative to the level of the ink, the 
potential of the electrode always changes between the posi 
tive and negative polarities, thus reducing the electrochemi 
cal reaction. 
As for the scheme of the application of the positive 

negative signals, various modi?cations are possible. It is 
possible to ?x the polarity of the positive-negative signal. In 
such a case, the electrochemical reaction is possible in the 
reference line, and generally speaking, it is desirable to 
provide a separate means for preventing it. 

FIGS. 5 and 6 are schematic views of an example of the 
wiring pattern including the heat generating elements 62 in 
a recording head 55. In FIG. 5, the direction of the electric 
current in the heat generating element 62 is parallel with the 
direction of the wiring pattern, Whereas in FIG. 6, they are 
orthogonal. 
As will be understood in FIGS. 5 and 6, the width of the 

wiring pattern can be increased, thus decreasing the electric 
resistance of the wiring. 

Such heat generating elements 62 and wiring pattern can 
be formed on a silicon substrate 61 through a thin ?lm 
producing process, for example. Normally, on the heat 
generating elements 62 and the wiring pattern, a protective 
layer of SiO2 or the like and an anti-cavitation layer of Ta or 
the like are provided. In this embodiment, the electrochemi 
cal reaction does not occur readily, and therefore, the thick 
ness of the protective layer can be reduced. 

If the heat generating elements 62 are made of high 
anti—cavitation material such as TaAl alloy or the like, the 
protective layer and the anti-cavitation layer can be omitted. 
As a result, the heat transfer between the heat generating 
element 62 and the ink increases so that the ink can be more 
quickly heated, by which the ink ejection power can be 
enhanced, and the stability and reproducibility of the ejec 
tion can be improved. 
As will be apparent from FIGS. 5 and 6, the width of the 

wiring pattern can be increased in this embodiment, and 
therefore, the wiring resistance can be reduced even when 
the heat generating elements 62 are arranged at a higher 
density. In addition, the wiring pattern can be disposed only 
along one side of the line of the heat generating elements 62, 
and therefore, the distance between the end of the substrate 
51 and the heat generating element 62 can be reduced, so 
that a higher performance thermal recording head can be 
designed. 

FIG. 7 shows a circuit diagram of a driving circuit for a 
recording head according to another embodiment of the 
present invention. FIG. 8 is a timing chart for the signals for 
the circuit of FIG. 7. In the embodiment of FIGS. 1—4, at the 
opposite ends of the heat generating element 62 to be 
actuated, a high level potential and a low level potential are 
applied, respectively, while the signal is processed in par 
allel by the signal converting means. In this embodiment, the 
series process is used. In this embodiment, the image signals 
are classi?ed into two blocks, one for the even number 
picture elements and the other for the odd number picture 
elements. 

In FIG. 7, both ends of each of the heat generating 
elements 62 connected in series are connected with the 
















